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4. 


T OF Eo LGATIO 


The object of the investigation was to determine the 
characteristics of the magnetic fuel injection valve as ree 
gards weight of fuel injected per stroke, regularity and — 
reproducibility of spray penetration, and the start of in- 
jection and duration of valve opening under various conditions 


of speed, pressure and condenser charge. 





5. 


DESCRIPTION OF APPARATUS 


The magnetic injection valve is shown in section in Figure 1. It 
consiats of a needle valve stem with a emall projecting shoulder brazed 
to its end, a plunger core which acts as guide for the needle, an armature 
with twelve crosswise magnetic laminations in it, which surrounds the 
plunger core, and » leminated pole core through which the electrical wind- 
ing of 40 turne of No. 20 wire passes. The valve needle, plunger core, 
and armature pess through a hole drilled in the pols core at right angles 
te the laminations of the pole core and armature. The armature is free 
to move axially through a distance of .033 inches, before coming into con- 
tact with a stop. There is .006 inches clesrance between the end of the 
armature and the face of the shoulder on the valve stem. Therefore, the 
armature lifts the needle after .005 inches of travel and the needle has 
a totel lift of .028 inches, The needle is held against its seat by a 
a@pring acting against the end of the stem, and the armature is held in 
place by another spring. When the armature is in place, its magnetic 
laminations do not line up with the magnetic laminations of the pole 
core. Thus, when an electrical current flows through the coil, lines of 
flux are set up in the pole core laminations and the laminations of the 
armature, These flux linee produce a force tending to reduce the re- 
luctanece of the core by moving the armature axially and aligning the 
armature leminations with those of the pole core, thus lifting the needle. 
The entire inner portion of the body is filled with 011 under pressure 
(the oil surrounds valve stem, plunger, armature, and springs). The 
valve stem has an axial passageway milled in its surface to allow the o11 
to reach the valve face, When the valve lifts, the oil is forced through 
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Figure 1] 





this passageway and thence through an orifice .022 inches in diameter 
into the cylinder, 

The electrical current necessary for operation of the valve is 
supplied by the discharge of condensers. The condensers are alternately 
charged by a 24-volt storage battery and discharged through the above 
mentioned coil by means of breaker pointe operated by a cam shaft. In 
the test apparatus there wos one condenser of 7OO-microfarads and three 
of 200-microfarads capacity, any or all of which could be connected in 
parallel by means of single pole, single throw, knife~binde switches, 
as shown in wiring dingram, Figure 3. 

The apparatus used in testing the magnetic injection valve is 
shown in Figure 2. The apparatus consisted of a variable speed motor, 
A, directly connected to a shaft, on one end of which ens mounted the 
breaker pointe, B. The breaker points serve to alternately charge con- 
densers, C, from the storage battery, D, and discharge the condensers 
through the coil of the magnetic injection vaive, E. Fuel was supplied 
to the magnetic valve as follows. A fuel tonk, F, was mounted on one 
platform of a balance to permit measurement of the weight of fuel in~ 
jected. The belance was fitted with two mercury bath contact switches 
eo that at the instent balance was obtained the circnit was closed and 
& emall neon light, G, was illuminated. Fuel flowed either by gravity 
or by action of the fuel transfer pump, FE, to filter, J, and thence to 
the high pressure pump, K, (not clearly shown in Figure 2). From the 
pump the fuel passed, under pressure, to a reservoir, L, end thence to 
the the magnetic valve which injected it into the srray chamber, M. 
Another fuel line connected the reservoir with the regulator, N. The 
regulntor was an edjustable, spring-loaded, by-pass valve which allowed 


the pressure of the fuel supplied to the megnetic valve to be varied, 
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This range of variation was from two hundred or three hundred pounds 
per square inch to thirty~seven hundred pounds per square inch, the 
maximum capacity of the high pressure pump, The regulator discharged 
the by-passed fuel to the fuel tank. A schematic diagram of the fuel 
system is shown in Figure 4. 

‘On the opposite end of the motor shaft from the breaker points 

was mounted an adjustable, cnlibrated, rotery spark gap, 0, which con= 
trolled the instant of illumination of the spray by a neon light, P. 
The neon light illuminated the spray chember through an opening in the 
top. EHleetrical power for the neon light was supplied by treneforners 
end kenotron tubes, Q. Stroboscopic illumination was thus obtained, The 
wiring diagram of the power circuit and stroboscopic circuit is shown in 
Figure 5. 

Revolutions were recorded by a counter, R, which was onerated 


through a chain and eprocketr from the main shaft, 
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The tests were conducted with oil having the following chorecter~ 


istics: 
Gravity (at 71.6°F) degrees API 32.1 
Viscosity (st 71.6°F) S.U.3. 41,0 
Surface tension, dynes/em 28,9 


In conducting the investigation, the fvel in the system was adjusted to 
the following pressures, measured at the reservoir: 1000, 1500, 2000, 
2500, 3000, and 3700 pounde per squere inch} the speeds used were 300, 
500, 700, 900, 1100, ond 1500 revolutions per minute for each of the above 
pressures; and at the following condenser capacities for each of the above 
pressures and speeds? 1500, 1100, 900, 700, and 600 microfarads. In ad- 
dition to the above, additional testa were run at 2500 lbs per square inch 
pressure and all the above speeds for condenser canecities of 1460, 1760, 
1960, 2160, end 2360 microfarade. 

The method of running a test was as follows: the remlator was ade 
justed to give the desired pressure with the desired condenser cavacity 
and at the desired speed, then the weights on the balance were adjusted 
until the fuel platform was slightly heavy, When sufficient fuel hed been 
injected to emse the scales to balance, as shown by the small neon light, 
G, the revolution counter was engaged and a atop watch atoarted, A weight 
of 0.1 pound. or 0.2 pownds, was removed from the platform balance at this 
time. Speed was kept constant throughout the run by means of the motor 
fielé rhoostat and ea tachometer, Yhen the sealeg balanced again, as shown 
by the light, the revolution covnter was disengaged and the ston watch 
stopped, 
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The pressure, speed, and condenser capacity were kept constant 
and the rotary spark gap adjusted until the fuel was seen to be just 
atarting to emerge from the valve orifice. ‘The dial (0, Fig. 2), cal- 
iorated in degrees, was read, and this point recorded. The spark gap 
(O, Fig. 2) was adjusted to a position one degree later and the penetration 
of the tip of the svray cone rend on the seale in the epray chember, HKeade 
ines of penetration were made at one degree intervels until the end of 
injection, as shown by the breaking of the spray cone at the nozzle, 

fhe above procedure was ropeated for nll combinations of pressure, 
speed, and condenser espacity ststed above. 

It should be noted thet in all cases where speed ia referred to in 
this paper, camshaft speed (injections per minute) ie meant, and not engine 
crankshaft epeed. 
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LO. 


DISCUSSION 


in general, it is found that fuel injection systems for solid 
injection Diesel engines may ve divided into two general types: the 
gommon rail system and the jerk-pump system. The common rail system 
consiets of a reservoir which eserves as a common supply source for all 
cylinders and from which sepsrate fuel lines lead to the injection valves 
of the several cylinders. The injection valves in this system are 
actuated by some pogitive method (cams, ete.)and the fuel in the reser 
voir is kept at the designed pressure by a single pum. The eapacity of 
the reservoir is very large in compsrison to the amount of fuel injected. 
Pressure surges set wp in the fuel line as each valve opens are quickly 
damped out and are of negligible effect, as is show by the DeJuhass 
analysis given in Figure 10 (nm end b)and Appendix 262)" The magnetic 
injection valve system is of this type, the electric operation of the 
valve serving to give a positive, practically instantaneous, opening and 
closing of the needle valve as contrasted with the slower action of the 
cam~actuated valve. 

The jerk-pump syctem has a separate high pressure pump for each 
cylinder, each with its direct lead to the injection valve it supplies. 
The injection valve is spring loaded and opens when the fuel pressure 
wilt up by the jerk-pump in the line exceeds the spring pressure of the 
valve. The pump dischargee fuel into the line to the valve during only 
a small portion of the stroke, and the fuel discharged from the pump is 
by-passed to the supply system during the remainder of the stroke. The 


“Numbers in parentheses refer to references given in the Bibliography. 
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interval during which the pvmp discharges into the fuel line to the 
valve is controlled by the operator. Investigetions‘=) heve shown 
quite definitely that there are pressure surges in these systems of 
ench magnitude as to cause the valve to open and shut repeatedly during 
the desired period of injection with consequent irrecularities in the 
amount of fvel injected and in spray penetration. In spite of these 
disadvantages, however, the jerk-pump system is in wide use on small 
engines, 

In analyzing the performance of the magnetic injection walve, 
it is found that three variables; speed, pressure, and condenser capacity, 
control its performance. In the laboratory all theee may be varied by 
the operator, but in actusl practice the injection pressure for an engine 
is a constant, the speed varies with the load,and the condenser charge 
is the enly variable which may be controlled by the operetor. When the 
effect of these three varizbdles upon: (A), quantity of fuel injected; 
(5). point at which injection starte; (C), duration of injeetion; and 
(D), penetration, was considered, the following results were found, 


A. ~ Qantity of fuel indoor. - If the magnetic injection valve 
is considered as a simple orifice, open only during a small portion of 
each stroke, and it is considered that the opening onl Closing of the 
valve is SSID it may = eapueted that the weight of fuel in- 
ioaesk per eteebe wili vary mith the prenvare according to the efflux 
neokiens : | 

We C Ay 2-2 444(7=E8) 1e/ooeont, where 
As a of We pris tes in square feet 
¥ = weight density of the fvel, pounds per cudie foot 


C= . Alecharge coefficient 
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R= .4 ohms 

Ge= 24 volte 

G = 1300 microfarads end 600 microfarads 
An inspection of Figure 7 will show that for the same circuit resistance, 
but for different condenser capacities (1300 and 600 microfarnds in Fige~ 
ure 7), the point of opening of the valve varies but little with change 
in capacity. The variation in duretion of opening (as shown in Tigure 6) 
ie almost entirely due to a change in the time of closing. The valve 
closes esrlier as the condenser capacity is decreased, 

The dotted curve (C = 1300 mfds, R= .6 ohms) in Figure 7 demon- 
strates the effect of increasing the recistance in the cireuit. This ine 
crease in resistance hes a negligible effect on the points of opening and 
closing of the valve, but it servesto damp out the oecillating eurrent. 
This cheracteriatic could tbe put to great advantage in the ease of a 
circuit so tuned that its suceseding oscillations, efter the first, would 
ve so large as to again lift the needle. The use of an increased resis~ 
tance would be effective in preventing more than one injection per suetion 
stroke, 

In general, the queatity of fuel injected varies ac predicted, 
Figure 6 (a to f) shows the weight of fuel injected per stroke for various 
speeds and condenser capacities, at constant pressures, while Figure 9 
(a to d) showsthe weight of fuel injected per stroke for verlous speeds 
and pressures for constant condenser capacities. Figure Be (3700 1vs/sq. 
inch pressure) shows a smooth contour, while the other figures of Figure 8 
show "valleys" ot v- rious points on their surfrces, the most apparent being 
the “valley” at 1100 injections/minute in Figure 8e (2500 lbs/sq. ineh 


pressure). In attempting to fix a couse for the appearnnce of these 
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"valleys" in the various curves, the following poesibilities were in- 
vestigated: (1) pressure surges in the line between the reservoir and 
the magnetic valve, momentarily effecting the fiow by reducing the value 
of the pressure term in the efflux equation; (2) presence of possible 
resonent conditions in the system; (3) the effect of the vibrations of 
the spring-mase system of the pressure regulator (bypass), HN, upon the 
hydraulics of the system; and (4), the possibility that at low condenser 
eapacities, the force of the magnetic flux was insufficient to keep the 
valve wide open during the full veriod of injection, 

fhe effect of possible pressure surges was the first considered, 
and an inveetigstion was made by means of a eraphical analysis developed 
by De Juhasa‘?) , The results of this analysis are shown graphically 
in Figures 10 (a andb), and the full analysis of the surges at two 
different pressures is given in Appendix i. An inspection of Figure 
10 (b) will show that for the two pressures selected (3700 lbs/eq. inch 
and 2600 1lbe/sq. inch), there is a large pressure drop during the first 
surge (time equal to 2 L/A) which is rapidly dsmmed out. The macnitude 
of the pressure variation in the line for the reservoir pressure of 3700 
lbs/sq. inch is greater than for the reservoir pressure of 2500 lbs/sq. 
inch. However, Figure 8a (3700 lbs/sq. inch pressure) shows no “valley", 
while Figure 8c (2500 lbe/sq. inch) shows a deep valley at this speed 
(1100 injections per minute), This would seem to indicate that possible 
pressure surges in the line do not cause these irregularities in weight 
of fusl injected. 

An inspection of Figures 8 end 9 shows no apparent continulty 
or relationship between the several variables at peints where the various 


“valleys” occur. However, it was found that certain conditions of 
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pressure, speed, and condenser capacity, it was impoessible to prevent 
fluctuations of the pressure in the system, as evidenced by the flur- 
tuations of the needle of the pressure gage. Thie is believed to have 
been caused by a resonant condition between the srring-mass system of 
the regulator, N, and the reset of the system under these conditions of 
speed snd preseure. These fluctuations were about twenty-five lbs/sq. 
inch above and below the desired vressure. These fluctuations were 
undoubtedly indicative of pressure variations in the syetem which, at 
resonant frequencies, could have attained comparatively large magnitudes. 
This belief is borne out by the surfaces of Figure 8. Figure 8a (3700 
lba/sq. ineh pressure) shows the effect of speed end condenser capacity 
upon weight of fuel injected at full pump pressure; thet is, with the 
reeulator completely closed, and therefore, not in the system, in all 
other diagrams of Figure &, the regulator is in use to some decree and 
irregularities in weight of fuel injected are evident in each fireure. 
Therefore, it ia believed that most, if not all, of these irregularities 
are caused by the regulator. Since the reguistor is not a part of the 
magnetic injection valve system, wut simply « laboratory device in- 
stalled to permit the ettaining of various pressures in the anelyeis of 
the operation of this valve, its deficiencies are not properly charge- 
able to the magnetic valve. It is believed thet a regulator, installed so 
as to throttle the supply to the high pressure pump, would be so far re- 
moved from the magnetic valwe as to obviate any possibility of a re- 
currence of these effects in a further investigation along the same lines, 
Figure 7 (current versus time) indicates that for a condenser 
eapacity of 600 microfarads, the current in the coil of the magnetic 


valve does not creatly exceed that current necessary to open the valve. 
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Thus, it ie conceivable that there might be occasions when the valve is 
not opened fully, or although once opened, hes a tendency to close early. 
However, pictures of the spray and visual examination of the spray during 
the progress of this inveetigation have failed to disclose any evidence 
of such intermittent operation at thie low capacity. In addition, im 
regularities are noted in several instances at condenser capacities above 
600 microfarads, when the current in the coil is of such value eas to 
preclude any poseibility of this factor eausing these irreguisrities, 
Therefore, it is felt that the small current at the low condenser capac~ 
ities is not a eause of these irregularities. 

In Figure 8 (c), the surface is extended to a condenser capacity 
of 2360 microferedis. This surface is quite flict and smcoth, and indicates 
that for the valve invostigated, any increase of condenser capecity be= 


yond 1300 microfarads is unnecessary. 


B. ~ Point of start of injection. - Theoretically, the point of 
opening of the valve should not vary with pressure. According to Figure 7 
(plot of the current in coil as a function of time) the variation of the 
time of opening with change in condenser capnecity is negligible. The 
point of opening of the valve varies directly with epeed. Table I shows 
the point of opening of the veive (injection delay), based on 36° (on 
retary spark gap dial) as sero point, Within experimental limits, thie 
table showg that there is no change in the injection delay with changes in 
condenser capacity, and that the change in injection delay varies linearly 
with speed. The change tn injection delay with variation in pressure shows 
thet the delay was notably greater for preesures of 1500, 2000, and 2500 
lbs per sq. inch than it was for pressures of 1000, 3000, and 3700 lbs 
per sq. inch. The test runs were made in the following order? 1500, 2000, 
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Thies fact sugcests that some 


2500, 5000, 3700, and 1000 lbs per sq. inch. 


chenge occurred in the adjustment of the valve or that the spark gap ad- 


The 


justment chenged efter the 2500 lbs per eq. inch run was completed. 


discrepancy in injection delay ean be accounted for in no other way, 


Injection Delay (From 36°) in Degreos 
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CG, = Duration of injection. - Figure 6 shows the variation in the 
duration of injection (duration of opening) of the magnetie velve with 
change in condenser capacity, and at constant pressures, Curvee of 
observed duration are shown for each of the six test vressures. Valuer 
used for each curve are the mean of values observed at the several speeds 
used in the investigation. These curves have the same general shape for 
all presevres and it is believed thet the variation in duration of opene- 
ing et the different pressures is due to the effect of the pressure 
gradient in the o11 (due to flow) ecting on the button which ie brazed 
to the valve stem, This pressure difference is greater at the higher 
values and therefore closes the valve more quickly, thus shortening the 
duration of ovening. 

Two other curves are shown in Figure 6, one (a) being a curve made 
up of the calculated duration of opening based on the current equation 
(Appendix I), and one (b) being calenlated from observed valves of weight 
of oil injected et » pressure of 3700 lbs/sq. inch. In caleulating the 
values for the latter curve, a coefficient of discharge of 0.8 is used, 


(3 and 4) if 


although this coefficient may vary between 0.65 and 0.82 
a lower coefficient of discharge were used, instead of 0.8, the resulting 
curve, while retaining the shape and slope of (b) as plotted, would more 
nearly approximate the height of (a). Comparing curve (>) (¢ = .8) with 
the curve of observed values (3700 lbs/sq. inch) it 4s found thst the two 
are similar in shepe and slope. Furthermore, curve (b) shows a duration of 
injection of about 75 x 107° seconds lesa than the observed curve. The 
observed values are, in reality, the time from the beginning of o11 flow 
as observed at the valve tip until the end of that flow is noted. There- 
fore, this observed time is in error by the extra time required for the 
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last particles te flaw from the valve sezt to the tip. These last 
particles flow at a reduced velocity since their momentum isa the only 
foree propelling them: the pressure differential, which causes the flow, 
having become zero at the instant the needle valve closed. It ia be= 
lieved that curve (b) is very nearly the curve of actual duration of 
opening of the valve, 

Curve (a) has » minimums value of 96 x 10°" seconds at 600 micro- 
ferads and a maximum value of 167 x 107° seconds at 1300 microfareads. 
“Phe curve closely approechees a straight line, but is slightly convex 

Wpwerds. Ourve (>) has a minimum value of 21 x 1075 seconds at 600 
microfarade anf a maximum value of 114 x 107° seconds at 1300 microfarads. 
“In the interval from 600 to 700 microfarnda, the slope is quite steep, 
but from 700 to 1300 micrefarads the slope decreases gredually wntil it 
ig quite emall at 1300 mierofarads. This deviation of actual values 

from those values predicted by the current flow is due to the inertia of 





‘the valve stem, armature, and aprings, and to the force of the friction 
of the o42 passing theese parts, when the valve is closed, the foree ex- 
- @rtea by the flux linee is the only force tending to apen the valve, 
“while the spring forte and the inertia of the movadle parts of the valve 
“tend to oppose the opening. The ineftia thus tends to make the valve 
open later than it would otherwise. Thie effect is moet pronounced at 
“Phe lowest Gonaensér Gdpacity, as Figure 7 shows, for the force avail- 
"Wie to Open the velve at 600 microfarads is only slightly in exeess of 
“the force required. At the higher @Apseities the availeble foree is 
“Swueh Eréoter than that requiteal after the valve is opened the forces 
“Pending to Gloss ft are those due to: (1), compression of the epring, 
(2))"tha preseure gPadient in the oil due to Flow neting on the button, 
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Pictures taken at cut-off 





600 mierofarads (4 inches), Figure 12 shows pictures taken with valve 
operating at 2500 lbs/sq. inch, 1100 microfarads, at a time of .002 
seconds after start of injection, and at verious speeds, The pictures 
show the apray for speeds of (from ton to bottom): 1200, 1000, 800, 600, 
amd 400 injections per minute, The penetration at first glance appears 
slichtly irregular, but when it is considered that at 1000 rpm (the speed 
at which the greatest irregularity occurs in the pictures), a difference 
in setting of one degree means ebout 2) inches differenee in penetration, 
the deviation from the average of about 14 inches at these speede is 
easily explained. Tha vibration of the apparatus (at higher speeds) 
between the time of setting the spark gap and of taking the picture could 
have eaused this ckwnge. In eddition, any variation in the printing of 
the picture tends to change the amount of the feathery tip of the spray 
that is shown and thus chenge the penetration slightly. 

All the pictures of the spray in Figures 12, 13, and 14 are time 
exposures and therefore are not pictures of single sprays, but of several 
sprays. 

In the practical use of this magnetic injection valve, a condenser 
ef constant cepacity will be used and the charge on the condenser, and 
therefore the weicht of fuel injected per strokes, varied by moine of a 
veriable resistance in geries in the bettery circuit. Thus, a more flex- 
ible control of the weight of fuel injeeted ean be obtained by thia method 
than by the mothod used in this investigation, 
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GORCLUS LONS. 

The results of this investigation lead to the following 
conclusions: 

& - That, for a constant pressure, the weignt of fuel ine 
jected per stroke is a function of condenser enpacity, and to a 
very much lesser extent, of speed; 

2. ~ That, for the magnetic injection valve investigated, 
the practical range of condenser capacities is from 600 to 13500 
microfarads; and 

3. - That. because of the regularity and reproducibility 
of the spray, an engine equipved with magnetic injection vaives 
showld be smoother running and more economical than an engine 


equipped with jerk-pumps. 
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APPMUDIX I 
Analysis of Pressure Surges in Fuel Injection Line 


Reference: "Hydraulie Phenomena in Fuel In- 
jection Systeme for Diesel Rngines,” K. J. 
DeJuhass, Transacticna, A.S.N.2.,,. Novenber, 
1937 , PACs 8 660670. 

Asgume ea pressure of 2500 lbs/eq. inch, a speed of 1100 injections 
per minute, and a conilenser eapacity of 600 microfarads 
Let acoustical velocity of o11, a = 4700 ft/sec 

modulus of elasticity of ofl, kK = 284,000 1bs/in® 
eoefficiont of discharge of noszle, [A = .6 
apecifie gravity of oil, XY = .8644 

fuel line length, 1 = 7 inches = . ft 

internal diameter of fuel line, D«= .06 inches 


mognetic injection valve orifice diameter, d= .022 inches 
| k 34.000 

tana = . zz : x GO.4 

fh =z 2RIDZ w .000248 seconis 

rN 4&7OQO 


At a pressure of 2500 lbe/aq. inch, a condenser eapncity of 600 micro~ 
farads, ond 1100 injections/minute, period of injection in 6.8° or 
200118 seconds 


= Sp (ere 
to Ft poe = £ ie 


pe = O lba/sq. inch gage 


Lo: w , 2 a 
¥ - 4 ( m5 ate 
w.. 


= 2134 x 7,87 p = 1.057 |p 
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Re .4 ohms 
t (seconds) i (amperes) 
«0001 6.92 
~ 0002 12.90 
0003 18.10 
20004 21.95 
20005 24,95 
» 0006 27.10 


t (see.) 4 (Campa) 


0007 
. 0008 
0009 
0010 
O01] 
00138 


pages 164, 165. 


L = 3.25 x 107" henries 


28 .00 
28,85 
28.75 
27.90 
£5.55 


22.65 


% 
ve. oa Cb 
aw 
w ol A 

4L° 


% (see. ) 


e0015 
eOOL7 
0019 
O02 
002225 
»O025 


eC 
For the above circuit, y) a room 1411 
6 sz he ATS = 


“Ee 
Re .4 ohms L = 3.25 x 10°* henries 
W = 2179 BR. = 615.5 Ze . 33.9 
2h WwW 
t (seconds) i (amperes) +t (sec.) 4 (amps.) 
0001 6.89 .0007 21.65 
0008 17.12 ~Q009 18.03 
0004 20,90 0010 15.05 
0005 22,05 ~0011 11,67 
0006 22,60 0013 4.60 
00144 0 


t (sec, ) 


OO15 
0017 
0019 
e022 
©0025 


Reference - "Frinciples of Alternating Currents" - Lawrence, 


sinwt, where 


C = 1300 microfarads 


i (ass. ) 


17.72 
12.40 
7.19 
» 49 

o 


(-) 4,24 


C = 600 microfzrads 
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R= 6 ohms L = 3.25 x 10°* henries 


= XR . Eg 
uJ = 1232 OL 923 Lw 


t (seconds) 4 (amperes) +t (sec.) 


0001 6.71 » 0007 
» 0003 15.96 . 0009 
«0005 20.78 0010 


= 59.9 


i (amps. ) 


23,75 
23.985 
22440 


28. 


C = 1300 microfarads 


t (sec.) 1 (oamps.) 


0015 14,40 
«0020 D692 
002545 0 
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